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(54) Fuel cell 

(57) The present invention is to provide an efficient 
cooling by supplying air and cooling water simultane- 
ously while keeping cooling and wetting of a membrane 
without having a fuel cell large-sized. A fuel cell includes 
a separator 1 0B between unit cells 1 0A adjacent to each 
other. The separator includes an air pass S1 on a front 



surface side abutting at least on a cathode of the unit 
cell and it includes a cooling space S2 supplied with air 
and water on the rear side thereof to cool the unit cell 
with latent heat of water evaporated by heat of the unit 
cell transmitted to the cooling space. Thereby, the unit 
eel! is cooled via the separator and clogging up of the 
air pass caused by water entering is prevented. 
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Description 

[0001] The present invention relates to a fuel cell, par- 
ticularly to a cooling technology of the fuel cell using a 
separator interposed between unit cells. 5 
[0002] A unit cell of a P EM -type fuel cell as one format 
of a fuel cell is composed of an anode (referred to as a 
hydrogen electrode since hydrogen gas is generally 
used as a fuel), an oxidant electrode (hereinafter re- 
ferred to as a cathode since air of gas including oxygen 10 
is similarly used as oxidant), and a solid polymer elec- 
trolyte membrane interposed therebetween. Both an- 
ode and cathode are composed of catalyst layers, which 
include catalytic substances, and electrode substrates, 
which function as to support the catalyst layer and to 1 $ 
transmit reaction gas and further function as a current 
collector. Further, on the outside of the anode and the 
cathode, layered is a separator (connector plate) that 
uniformly supplies an electrode surface with hydrogen 
and air as reaction gas from the outside of a cell and 20 
that is provided with a gas pass (generally structured 
with a groove with an electrode surface side open) for 
discharging excessive reaction gas to the outside of the 
cell. This separator prevents gas transmission and col- 
lects current in order to take out the generated current 25 
to the outside. The above-described unit cell and the 
separator compose one unit of an electric cell. 
[0003] In an actual fuel cell, a plurality of the related 
electric cells are layered in series to compose a stack. 
In such a fuel cell, It is necessary to keep the solid pol- 30 
ymer electrolyte membrane in the unit cell in a fully moist 
state in order to maintain enough power generation ef- 
ficiency. Generally, water only generated by an electro- 
lytic reaction is not enough so that a means for supplying 
humidification water to each unit cell is required. In ad- 35 
dition, a substantially equal quantity of heat to a gener- 
ated power is generated by the electrolytic reaction, so 
that a cooling means for preventing the fuel cell itself 
from overly being heated up is figured out. 
[0004] As a cooling means for the fuel cell, various 4c 
means are proposed such as a means for cooling and 
also wetting the solid polymer electrolyte membrane. 
For example, in JP-A- 10-247505, such a structure is 
employed that air to which water is previously added is 
supplied and the water is evaporated at a cooling gas 4 * 
pass for cooling, to thereafter circulate the air that in- 
cludes the evaporated moisture in an air pass. 
[0005] Further proposed is that a hollow portion apart 
from the gas pass is formed in the separator to pass the 
cooling water through the hollow portion and this cooling 5< 
water supplies the air pass with vapor through a porous 
wall surface (refer to JP-A- 6-338338). 
[0006] According to prior arts, it is difficult to maintain 
both cooling and wetting of the membrane. For example, 
according to JP-A- 10-247505, for re-circulating the air 5, 
that includes vapor generated by once evaporating liq- 
uid water atthe cooling gas pass, it is difficult to maintain 
temperature of the cooling gas pass in the circulation 



path. For example, when temperature increases in the 
air pass after the temperature decreases in the circula- 
tion path, the moisture is taken out from the electrolyte 
membrane in the air pass, which makes it difficult to 
maintain wetting of the membrane. 
[0007] In JP^- 6-338338, though the vapor is sup- 
plied through the porous wall surface, enough vapor is 
not necessarily supplied by the moisture seeping from 
the porous wall surface, and in the cooling water pass, 
cooling is performed only by sensible heat so that enor- 
mous mechanical equipment and energy for circulating 
the cooling water may be required for complete cooling. 
[0008] The present invention is proposed in light of 
the above-described circumstances and an object 
thereof is to maintain both cooling and wetting of a mem- 
brane. Further, the present invention is to provide a fuel 
cell that enables efficient cooling without having the fuel 
cell large-sized. 

[0009] As described in claim 1 , the above-described 
object is achieved by having a fuel cell with such a struc- 
ture as to comprise a plurality of unit cells each including 
an anode and a cathode and a plurality of separators 
each arranged between the unit cells, wherein the sep- 
arator comprises an air pass on a front face side thereof 
at least being in contact with the cathode of the unit cell 
and a cooling space supplied with air and water on a 
back face side thereof, the air pass and the cooling 
space communicating through a through-hole passing 
through the separator so as to cool the unit cells by latent 
heat of water evaporated in the cooling space and to 
supply the air pass with vapor through the through-hole. 
[0010] As described in claim 2, in the above-de- 
scribed structure, it is advantageous to have such a 
structure that the cooling space is included within the 
separator and arranged adjacent to the air pass. 
[0011] As described in claim 3, in the above-de- 
scribed structure, it is further advantageous to have 
such a structure that the separator is made of a pressed 
plate material, a space between lifted portions protruded 
from a plate surface serves as the air pass, and a space 
on a back side of the lifted portions serves as the cooling 
space. 

[0012] As described in claim 4, in the above-de- 
scribed structure, it is further advantageous to have 
such a structure that a wall surface surrounding the cool- 
ing space of the separator is applied with a hydrophilic 
process at least on a portion thereof. 
[0013] As described in claim 5, in the above-de- 
scribed structure, such a structure may be employed 

• that the air pass has a pass, one end of which is closed, 
and is communicated with the cooling space by the 
through-holes along the way from the closing end to an 
open end thereof. 

[0014] As described in claim 6, in the above-de- 

* scribed structure, such a structure may be employed 
that the separator has a structure in which a smaller 
amount of liquid water is supplied to the air pass than to 
the cooling space. 
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[0015] As described in claim 7, in the above-de- 
scribed structure, such a structure may be employed 
that the cooling space on an inlet side is connected to 
a manihoid supplying air and water, while an outlet side 
thereon serves as an open pass. 
[0016] As described in claim 8, in the above-de- 
scribed structure, it is advantageous that the separator 
is made of metal. 

[0017] As described in claim 9, in the above-de- 
scribed structure, it is advantageous to have such a 
structure that the separator is structured by having a plu- 
rality of plate materials abut on each other on at least a 
part thereof, while the cooling space is structured by an 
opening caused between the abutting portions. 
[0018] As described in claim 10, in the above-de- 
scribed structure, it is advantageous that the separator 
is made of stainless steel. 

[0019] Next, as described in claim 11 , the present in- 
vention is characterized in a fuel cell, comprising a plu- 
rality of unit cells each including an anode and a cathode 
and a plurality of separators each arranged between the 
unit cells, wherein the separator comprises an air pass 
on a front face side thereof at least being in contact with 
a cathode of the unit cell and a cooling space on a back 
face side thereof, and air and water are supplied to the 
air pass and the cooling space to cool the unit cell in the 
cooling space and the air pass by latent heat generated 
when the supplied water evaporates. 
[0020] As described in claim 12, in the above-de- 
scribed structure, it is advantageous to have such a 
structure that the air pass and the cooling space on inlet 
sides thereof are connected to the same manihoid and 
are supplied with air and water from the manihoid. 
[0021] As described in claim 13, in the above-de- 
scribed structure, it is advantageous that the separator 
is made of stainless steel. 

[0022] As described in claim 14, in the above-de- 
scribed structure, it is advantageous to have such a 
structure that the separatoris structured by having aplu- 
rality of plate materials abut on each other on at least a 
part thereof, while the cooling space is structured by an 
opening caused between the abutting portions. 
[0023] As described in claim 15, in the above-de- 
scribed structure, it is advantageous that the separator 
is made of stainless steel. 

[0024] In the structure described in claim 1 , heat gen- 
erated by electrolytic reaction is transmitted from the 
unit cell to the separator and it evaporates water in the 
cooling space to cool the separator with its latent heat, 
which results in cooling the unit cell via the separator. 
Due to this operation, the unit cell can be cooled without 
supplying the air pass with water in a droplet state. In 
addition, vapor generated by evaporation in the cooling 
space is spouted from the through-hole to the air pass 
and then supplied to and absorbed by the unit cell abut- 
ting on the air pass, which results in adding water to the 
unit cell. 

[0025] Next, in the structure described in claim 2, 



evaporative latent heat of water evaporated in the cool- 
ing space also cools the air pass adjacent to the cooling 
space, so that fluid flowing through the air pass is cooled 
and this cooling effect indirectly operates to cool the unit 

•5 cell. This results in exercising the cooling effect not only 
on a part where the unit cell abuts on the cooling space 
but also on a part where it abuts on the air pass, and 
thus the unit cell is uniformly cooled. 
[0026] Next, in the structure described in claim 3, a 

10 wall surrounding the cooling space and a wall separat- 
ing the air pass and the cooling space are both made 
thin, so that also by cooling the unit cell via the wall of 
the separator, latent heat cooling caused by water evap- 
oration in the cooling space effectively operates on cool- 

15 ing the unit cell. 

[0027] Further, when employing the structure de- 
scribed in claim 4, droplets easily adhere to the wall of 
the separator surrounding the cooling space, so that di- 
rect heat transmission from the wall to the droplets is 

20 performed on a wide surface, which further facilitates 
water evaporation in the cooling space. 
[0028] When employing the structure described in 
claim 5, water does not enter the air pass in a droplet 
state, so that the water is supplied to" the air pass only 

25 in a vapor state. Thereby, air supply to the air pass is 
also smoothly performed without being intervened by 
the droplets. 

[0029] When employing the structure described in 
claim 6, a small amount of liquid water enters the air 
30 pass, so that a possibility of the water entering in a drop- 
let state is lowered. Thereby, air supply to the air pass 
is smoothly performed without being intervened by the 
droplets. 

[0030] When employing the structure described in 
35 claim 7, air and water can be continuously supplied to 
the cooling space and the heated air and water can be 
continuously discharged therefrom, so that cooling ef- 
fect by the cooling space is further improved. 
[0031] When employing the structure described in 
^o claim 8, thin and high -corrosion resistance separator is 
composed. 

[0032] When employing the structure described in 
claim 9, the cooling spaces are structured between met- 
al plate materials in such a form as running through por- 
^5 tions where the metal plate materials alternately abut on 
each other, without causing any invalid spaces. 
[0033] When employing the structure described in 
claim 10, thin and high-corrosion resistance separator 
is composed. 

so [0034] Next, when employing the structure described 
in claim 11, heat generated by the electrolytic reaction 
is transmitted from the unit cell to the metal separator 
and it evaporates water in the cooling space to cool the 
separator with its latent heat, which results in cooling 

55 the unit cell via the metal separator. This operation can 
cool the unit cell. 

[0035] When employing the structure described in 
claim 1 2, necessary air and water are supplied to the air 
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pass and the cooling space from the same manihold. 
[0036] When employing the structure described in 
claim 13, thin and high-corrosion resistance separator 
is composed. 

[0037] When employing the structure described in 
claim 14, the cooling spaces are structured between 
metal plate materials in such a form as running through 
portions where the metal plate materials alternately abut 
on each other, without causing any invalid spaces. 
[0038] When employing the structure described in 
claim 15, thin and high-corrosion resistance separator 
is composed. 

Hereinafter, embodiments of the present invention will 
be explained with reference to the drawings. 

FIG. 1 is a partial horizontal sectional view of an 
electric cell composing a fuel cell according to a first 
embodiment of the present invention; 
FIG. 2 is a sectional view of a unit cell composing 
the electric cell; 

FIG. 3 is an exploded perspective view of a sepa- 
rator composing the electric cell of the first embod- 
iment; 

FIG. 4 is a partial top view of a fuel cell stack in which 
the electric cells of the first embodiment are layered; 
FIG. 5 is a schematic view showing a cooling mech- 
anism by the separator in the first embodiment; 
FIG. 6 is a block diagram of a fuel cell system; 
FIG. 7 is the whole front view of a separator com- 
posing a fuel cell according to a second embodi- 
ment of the present invention; 
FIG. 8 is a partial horizontal view of a fuel cell stack 
of the second embodiment; 
FIG. 9 is a B-B vertical sectional view of FIG. 8; 
FIG. 10 is a C-C vertical sectional view of FIG. 8; 
FIG. 11 is the whole rear view of the separator of 
the second embodiment; 

FIG. 12 is a partial top view of the fuel cell stack of 
the second embodiment; 

FIG. 13 is a front view showing a modification em- 
bodiment of the separator of the second embodi- 
ment; 

FIG. 14 is a side sectional-view of a fuel cell unit 
composing a fuel cell of a third embodiment of the 
present invention; 

FIG. 15 is a partial horizontal sectional view of a 
separator of the fuel cell of the third embodiment; 
FIG. 16 is the whole front view of the separator of 
the fuel cell of the third embodiment; 
FIG. 17 is a partial enlarged view of the separator 
of the fuel cell of the third embodiment; 
FIG. 18 is a partial enlarged perspective view of a 
fuel cell stack of the third embodiment; 
FIG. 19 is the whole front view of a fuel cell sepa- 
rator of a modification embodiment in the third em- 
bodiment; 

FIG. 20 is a partial horizontal sectional-view of a fuel 
cell separator in another modification embodiment; 



FIG .21 is a partial horizontal sectional-view of a fuel 
cell separator in still another modification embodi- 
ment; 

FIG. 22 is a partial horizontal sectional-view of a fuel 
5 cell separator in yet another modification embodi- 
ment; 

FIG . 23 is a partial horizontal sectional-view of a fuel 
cell separator in yet another modification embodi- 
ment, and 

10 FIG. 24 is a block diagram of a fuel cell system of 
the third embodiment. 

[0039] First, FIG. 1 to FIG. 6 show a first embodiment 
of the present invention. FIG. 1 is a cross sectional view 

is (hereinafter, a relationship between length and breadth 
will be explained depending on a posture of an electric 
cell arrangement) showing a structure of an electric cell 
10 as a unit composing a fuel cell stack. As shown in 
FIG. 1 , this electric cell has a structure, in which a sep- 

20 arator 10B comprising current collectors 14, 15 and 
frame members 16, 17 is arranged between the unit 
cells 1 0A being adjacent to each other. 
[0040] As its enlarged cross-sectional structure is 
shown in FIG. 2, the unit cell 1 0A is composed of a solid 

25 polymer electrolyte membrane 11 interposed between 
a cathode 1 2, which is an oxidant electrode, stacked on 
one side thereof and an anode 13 stacked on another 
side thereof. The cathode 1 2 and the anode 1 3 have the 
size corresponding to housing portions R1 , R2 that are 

30 formed in the separator 10B in FIG. 1, while the solid 
polymer electrolyte membrane 11 has the size slightly 
larger than the housing portions R1 , R2. Since thickness 
of the unit cell 1 0A, especially that of the solid polymer 
electrolyte membrane 1 1 , is extremely thin compared to 

35 thickness of the current collectors 14, 15 and the frame 
members 16,17 which compose the separator 1 0B, an 
outer shape of the unit cell 1 0A is shown by the size of 
the cathode 1 2 and the anode 1 3 in otherfigures except 
FIG. 2 to present the unit cell 1 0A as a unit member. 

40 [0041] The separator 10B, as exploded in FIG. 3, 
comprises the current collectors 14,15 that compose a 
pair to take out electric current to outside by coming into 
contact with the cathode 12 and the anode 13 of the unit 
cell 1 0A, and theframe members 1 6, 1 7 that are stacked 

45 thereon to support the unit cell 1 0A. In this embodiment, 
the current collectors 14. 15 are made of thin metal 
plates having a plate thickness of, for example, about 
0.1 mm. This constituent metal is a metal having electric 
conductivity and corrosion resista: ^e, such as stainless 

50 steel, a nickel alloy, and a titanium ^\oy with a corrosion - 
resistant electric conductivity process applied. 
[0042] One electric collector 14, which is made of a 
horizontal and rectangular plate material, is protruded 
by presswork to form a plurality of lifted portions 141 . 

55 These lifted portions 141 are arranged successively in 
linear-shapes with each thereof being parallel to a lon- 
gitudinal side (a short edge side in the embodiment 
shown in FIG. 3) of the plate material, and the lifted por- 
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tions 141 are arranged at even intervals to thoroughly 
travel the length of the plate surface. Although cross- 
sectional shapes of the lifted portions 141 are roughly 
described in FIG. 1 as a cross section with a rectangular 
and wavy shape for convenience, it is more realistic to 
have such a shape as slightly bottom-broadening at a 
root side. Groove-shaped spaces S1 , which are defined 
between these lifted portions 141 to have a side facing 
the cathode 12 (refer to FIG. 2) of the unit cell 10A un- 
f olded, are used as air passes to pass air to the cathode 
12 side, which will be detailed later. A plane surface of 
a top portion 1 42 of each lifted portion 1 41 is an abutting 
portion where the cathode 12 abuts thereon. Groove- 
shaped spaces S2 defined on back side of the lifted por- 
tions 1 41 are used as cooling spaces (passes in this em- 
bodiment), which will be also detailed later. Further, in 
order to partially communicate between the air pass S1 
and the cooling spaces S2, a plurality of through-holes 
143 are formed to penetrate the current collector 14. 
These through-holes 143 may be arranged in any posi- 
tion, but it is normal to arrange them on both sides of 
the lifted portions 141 . Further, oblong holes 144 elon- 
gated in a longitudinal direction are formed in a vicinity 
of both ends of the current collector 14 in a horizontal 
edge direction (a long edge side in the embodiment 
shown in FIG. 3). When the current collector 14 is 
stacked with the current collector 15 and the frame 
members 16, 17, and the separators 10B are layered, 
these oblong holes 144 constitute hydrogen passes L1 , 
L2 which pass through each of the members that are 
integrated. 

[0043] Another current collector 1 5, which is made of 
the horizontal and rectangular plate material corre- 
sponding to the current collector 14, is protruded to form 
a plurality of lifted portions 151 by the presswork. Al- 
though the lifted portions 151 have their top potions 1 52 
flat, and a cross-sectional shape thereof also has prac- 
tically the rectangular and wavy shape similar to the pri- 
or lifted portions 141, the lifted portions 151 in this em- 
bodiment are provided intermittently in a longitudinal di- 
rection. Specifically, the lifted portions 151 are formed 
into circular or rectangular protrusions in which an ar- 
ranging pitch thereof in a horizontal direction (long edge 
direction) is aligned with the arranging pitch of the lifted 
portions 141 and the arranging pitch in a longitudinal 
direction (short edge direction) is set at a proper interval. 
A cross section of the left half in FIG. 1 shows a cut sur- 
face at an arranging portion of the lifted portions 151, 
while the cross section of the right half thereof shows a 
cut surface between the arranging portions. A space S3 
vertically and horizontally formed between these lifted 
portions 151 constitutes a plane space of which a side 
facing on the anode 13 (refer to FIG. 2) of the unit cell 
10A is unfolded, and it serves as a hydrogen pass 
though which hydrogen, namely fuel, is passed. A plane 
surface of a top portion 152 of each lifted portion 151 is 
an abutting portion where the anode 13 abuts thereon. 
On back of the lifted portions 1 51 , formed is a short cy- 



lindrical space S4 of which a side facing the current col- 
lector 14 is unfolded to merge with the space S2 of the 
current collector 14, so that as a consequence, both 
ends are structured to have opening portions which 

5 open to the long edge portions of the plate material 
through the cooling space S2. Similarly to the current 
collector 1 4, oblong holes 1 53 elongated in a short edge 
side direction is formed in a vicinity of both ends of the 
current collector 1 5 in a long edge side direction. When 

10 the current collectors 14, 15 and the frame members 16, 
17 are stacked and the separators 10B are layered, 
these oblong holes 153 constitute hydrogen passes L1 , 
12 which pass through each of the members that are 
integrated. In this embodiment, the lifted portions 151 

15 take columnar shapes, each of which intermittently 
abuts on the anode 13 with its small area. This causes 
to vertically and horizontally form the hydrogen pass S3 
that runs between the columnar lifted portions 151 , and 
to prevent hydrogen gas flow from being retained and 

20 stagnant. This also allows that an area of the anode 13 
which the hydrogen gas comes into contact with be- 
comes big, which may improve power generation effi- 
ciency. 

[0044] The thus-structured current collectors 14, 15 

25 are stacked to be fixed so that both of the respective 
lifted portions 141 , 151 face outside. Here, a plate sur- 
face portion where the lifted portions 141 and 151 are 
not formed, namely, a back surface of the hydrogen 
pass S3 and a back surface of the air pass S1 abut on 

30 each other, to thereby enable power distribution with 
each other. In addition, stacking the current collectors 
14, 15 resluts in forming the cooling space therebe- 
tween where the space S2 and the space S4 are 
merged. The unit cell 10A is stacked on the current col- 

35 lector 14 so that an open surface side of the space S1 
is closed thereby and the tubular air pass is formed, 
which means that a part of wall surrounding this pass is 
composed of the cathode 12. Then, air and water are 
supplied from this air pass S1 to the cathode 12 of the 

40 unit cell 10A. Similarly, the unit cell 10A is stacked on 
the current collector 15 so that an open surface side of 
the space S3 is closed thereby and the plane fuel pass 
is formed, which means that a part of wall surrounding 
this pass is composed of the anode 13. Then hydrogen 

45 is supplied from this fuel pass S3 to the anode 1 3 of the 
unit cell 10A. 

[0045] The frame members 16,17 are stacked on the 
thus-structured current collectors 14, 15, respectively. 
As shown in FIG. 1 and FIG. 3, the frame member 16 

50 that is stacked on the current collector 14 has such a 
shape as its length in a longitudinal direction is slightly 
bigger than that of the current collector 14, the frame 
member 16 is structured by connecting longitudinal 
frame portions 1 61 on both sides thereof with upper and 

55 lower horizontal frame portions 1 62, 1 63, and in a place 
surrounded by these frames defined is a window 1 64 to 
accommodate the lifted portions 141 of the current col- 
lector 14. Further, oblong holes 165 are also formed in 
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a vicinity of both ends of the frame member 1 6 in a po- 
sition and shape corresponding to the oblong holes 1 44 
of the current collector 14. The horizontal frame portions 
1 62, 1 63 of the frame member 1 6 and a part of the lon- 
gitudinal frame portions 1 61 to which they are connect- 
ed are made thinner than thickness of the whole longi- 
tudinal frame portions 161 . Due to such a thickness re- 
lationship, a surface of the horizontal frame portions 
162, 163 on which the current collector 14 is stacked 
forms a surface being back away from an abutting sur- 
face with the current collector 14 over a whole short 
edge side direction at a position corresponding to a 
range of forming the lifted portions of the current collec- 
tor 14. Therefore, under such a state as the frame mem- 
ber 16 is stacked on the current collector 14, the lifted 
portions 141 of the current collector 14 come into con- 
tact with the cathode 12 of the unit cell 10A within the 
window 164, while in a portion facing the horizontal 
frame portions 162, 163, the lifted portions 141 abut 
thereon. Thus, between the current collector 1 4 and the 
frame member 16, an air pass totally passing there- 
through in a longitudinal direction is defined by a plurality 
of tubular spaces, which are surrounded by the lifted 
portions 141 and an inside surface of the horizontal por- 
tion 162 in an upper portion, the lifted portions 141 of 
the current collector 14 and the cathode surface 12 of 
the unit cell 1 0A in a window 164 portion, and the lifted 
portions 141 of the current collector 14 and an inside 
surface of the horizontal portion 163 in a lower portion. 
[0046] The frame member 17 that is stacked on the 
current collector 15 is structured to have the same size 
as the frame member 16, in which an opening bigger 
than a window 1 71 in a horizontal direction is formed on 
a body portion 1 70. Height of this opening defines height 
of the window 171, while width of the opening corre- 
sponds to the width between outer ends of both of the 
oblong holes 1 53 on the current collector 1 5. In a vicinity 
of both ends of this opening in a width direction, a pair 
of longitudinal frame portions is provided. Width sand- 
wiched between both of the longitudinal frame portions 
172 defines width of the window 1 71 , width defined by 
the width of both of the longitudinal portions 1 72 and the 
opening of the body portion 170 is made equal to the 
size corresponding to the width of the oblong holes 1 53 
formed on both ends of the current collector 15, and long 
holes 173 that actually correspond to positions and 
shapes of the oblong holes 1 53 are structured. Trie lon- 
gitudinal frame portions 172 are made thinner than the 
body portion 1 70, so that due to such a thickness rela- 
tionship, the longitudinal frame portions 1 72 form a sur- 
face being back away from an abutting surface by an 
amount equivalent to the height of the lifted portions 1 51 
of the current collector 15 at a position where the longi- 
tudinal frame portions 172 are provided on a surface on 
which the current collector 1 5 is stacked. Therefore, un- 
der such a state as the frame member 1 7 is stacked on 
the current collector 15, the lifted portions 151 on the 
current collector 15 abut on the longitudinal frame por- 



tions 172 in a portion facing on the longitudinal frame 
portions 1 72, while in the window 1 71 , the lifted portions 
151 hold an abutting relation to come into contact with 
the anode 1 3 of the unit cell 1 0A. Thus, in a portion sand- 
5 wiched between the long holes 173 structured is the 
plane hydrogen pass S3 regularly formed to run through 
the lifted portions 151 . 

[0047] On an internal wall surface of the air pass S1 
and the cooling space S2 : a hydrophilic process is pro- 

10 vided. Specifically, it is preferable that the surface there- 
of is so processed as a contacting angle between the 
internal surface and water becomes 40° C or below, pref- 
erably 30°C or below. As one processing method, it is 
employed to apply hydrophilic processing chemicals on 

15 the surface. As the hydrophilic processing chemicals to 
be applied, listed are poly aery I amide, polyurethane res- 
in, titanium oxide (Ti02), or the like. As the other hy- 
drophilic c *sses, a process to make a metal surface 
rough is «sed. For example, a plasma processing 

20 may fall i;v := ?s case. It is preferable to apply the hy- 
drophilic process on a portion where the highest tem- 
perature is obtained. For example, it is preferable that 
the process may be preferentially performed in an order 
of: an internal wall surface F1 of the cooling space that 

25 is a back side of the top portions 1 42 of the lifted portions 
1 41 abutting on the unit cell 1 0A; a side wall surface F2 
of the air pass on a front side of the lifted portions 141 
and a side wall surface F3 of the cooling space on a 
back side thereof; and a bottom surface F4 of the air 

30 pass. Further, the hydrophilic process may also be ap- 
plied on an internal wall surface F5 of the lifted portions 
151 that compose a part of the cooling space S2. Ap- 
plying the hydrophilic process accelerates wetting of the 
internal wall surface, which causes to enhance effect by 

35 latent heat of water. In addition, water is caused not to 
clog up so that water supply is not inhibited. 
[0048] The current collectors 14 : 15 are held by the 
thus -structured frame members 16, 1 7 to compose the 
separator 10B, and the separator 10B and the unit cell 

40 1 0A are alternately stacked to compose a fuel cell stack 
1 . As shown in FIG. 4, on an upper surface of the thus- 
layered fuel cell stack 1 , a large number of openings of 
the air pass S1 and the openings of the cooling spaces 
S2 are alternately laid in a horizontal direction being ad- 

45 jacent to each other, and openings with the same ar- 
rangement are laid at intervals of thickness of the frame 
member 1 7 and the horizontal frame portion 1 62 of the 
frame member 16 combined, in a layered direction to 
compose an intake portion of air and water. On a bottom 

50 surface of the fuel cell stack 1 , a discharge portion of 
the air and the water with the same arrangement is 
structured as well. 

[0049] The thus-structured fuel cell stack operates as 
schematically shown in FIG. 5 by supplying air, water, 
55 and hydrogen to each electric cell. In this embodiment, 
the air and the water are uniformly supplied from an up- 
per surface of the stack, so that the opening portion of 
the air pass S1 is stoppered with a lid to prevent the 
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water from directly entering the air pass S1 . In a format 
of supplying the air and the water separately to the air 
pass S1 and the cooling space S2, to stopper the air 
pass S1 is not necessarily required if the air pass S1 
side is structured to be supplied only with the air. As 
shown in the figure, the air and the water supplied to the 
cooling space S2 enter the upper portion of the cooling 
space with water droplets nebulized to be mixed in air- 
flow (hereinafter, such a state is referred to as mixed 
flow). Under a normal operation of the fuel cell, since 
the unit cell 10A generates heat by reaction, the mixed 
flow in the cooling space S2 is heated. The water drop- 
lets in the mixed flow adhere to a wall surface of the 
cooling space S2 since the hydrophilic process is ap- 
plied thereon, which generates a latent heat cooling ef- 
fect that is to draw heat from the wall surface by evap- 
orating with heat application. The water that is turned to 
vapor in such a way enters the air pass S1 from the 
through-holes 1 43 as shown with half-tone dot meshing 
arrowheads in the figure, together with the air whose 
flow is shown with outline arrowheads in the figure, and 
the water adheres to the cathode 1 2 side of the unit cell 
1 0A to humidify the cathode 1 2. Then, excessive air and 
vapor, which have entered the air pass S1, are dis- 
charged from the air pass opening of the downward cell 
stack. On the other hand, air and water, which have not 
entered the air pass S1 ,are discharged from the cooling 
space S2 opening of the downward cell stack. 
[0050] Hydrogen supply to the fuel pass S3 is per- 
formed from one of the hydrogen passes L1, L2 (refer 
to FIG. 1) passing through both sides of each electric 
cell 1 0 in a layered direction thereof, through spaces be- 
tween longitudinal frame portions 1 72 and the lifted por- 
tions 1 51 , and from the fuel pass S3 connected thereto. 
Thereby, the hydrogen is supplied to the anode 13 of 
the unit cell 10A. At this anode 13 side, excessive hy- 
drogen entering the fuel pass S3 is discharged to the 
opposite side of the hydrogen pass to be discharged or 
collected by a not-shown pipe connected to this hydro- 
gen pass. 

[0051] As the above-described operation, in this em- 
bodiment, mist-type droplets do not enter directly the air 
pass S1 with the airflow so that it is advantageous that 
the airflow current may not be occluded by the water 
droplets even with such the extremely thin air pass S1 
as formed by the presswork. 

[0052] The air pass S1 and the cooling space S2 are 
alternately arranged along the electrode surface to be 
parallel to each other and they are structured to be ad- 
jacent to each other having a side wall of the lifted por- 
tion 141 therebetween. Since the air and the water flow 
along the sidewall, the sidewall exercises an operation 
as a cooling fin. As such, since the air pass S1 and the 
cooling space S2 are alternately arranged to be parallel 
to each other, cooling efficiency of the fuel cell improves, 
which enables uniform cooling. 

[0053] When the separator 1 0B is structured to be thin 
and a space is provided inside the lifted portions 141 , a 



temperature gap between a portion abutting on the heat- 
generating unit cell 1 0A and a portion apart from the unit 
cell 1 0A broadens. Therefore, a vapor amount required 
to have a saturated state becomes partially different 

5 within the air pass S1. For example, a portion of the high- 
temperature electrode side requires more vapor amount 
to have the saturated state than a portion apart from the 
electrode. Such a temperature difference may cause 
drying of the cathode 12. In this embodiment, however, 

10 the space is made into the cooling space S2 and the 
whole separator 1 0B is uniformly cooled, to thereby pre- 
vent generation of a partial temperature gap and to 
maintain a uniform saturated state within the air pass 
S1, which results in keeping the cathode 12 in a moist 

*5 state. 

[0054] Additionally, in this embodiment, the air and 
the water entering from the upper opening of the sepa- 
rator 1 0B cool the current collectors 1 4, 1 5 at the cooling 
space S2 side mainly by the latent heat cooling, but a 

20 portion where such latent heat cooling occurs may not 
be isolated by the air pass S1 and it is back side of a 
portion where the current collectors 14, 15 directly abut 
on the electrode. Therefore, in the cooling space S2, the 
top portions 142, 152 of both of the lifted portions 141 , 

25 151 are the closest to the electrode to receive heat and 
since the portion thereof is directly cooled, it is possible 
to cool this portion effectively. Since the lifted portions 
1 51 constitute a part of the cooling space S2, the abut- 
ting surface in contact with the anode 13 can also be 

30 directly cooled from back side of the lifted portions 151 
that are the same cooling space, so that it is not neces- 
sary to separately provide a special pass to cool the an- 
ode 13, thereby simplifying the cooling pass. 
[0055] The above-described lifted portions 141, 151 

35 of the current collectors 14,15 are both provided at even 
intervals, so that the air pass S1 , the cooling space S2, 
and the fuel pass S3 are all equally arranged at even 
intervals, but the lifted portions 141, 151 are not limited 
to such a structure and the arrangement intervals there- 
to of may be changed accordingly depending on distribu- 
tion or the like of the air and hydrogen flow. The arrange- 
ment directions of the air pass S1 and the fuel pass S3 
may also be changed in any direction such as arranging 
in a radiation direction along a direction of gas flow. For 

45 example, when supplying water from an injection noz- 
zle, since the water is injected in a radiation direction by 
having an injection inlet of the injection nozzle as a cent- 
er, the lifted portions 141 may be arranged along a ra- 
diation direction when an end of the nozzle is a center 

50 of the radiation. Such a structure may be available that 
the intervals between the lifted portions 141 are small 
in a position close to the injection nozzle (width of the 
air pass is small), and intervals thereof at a position 
apart from the injection nozzle are big (width of the air 

55 pass is widened). 

[0056] FIG. 6 shown next shows a structural example 
of a fuel cell system for vehicles using the fuel ceil stack 
1 related to application of this invention. This fuel cell 
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system is generally composed of the fuel cell stack 1 , a 
fuel supply system 2 including a hydrogen loading alloy 
21 as a hydrogen supply means, an air supply system 
3 t a hydrogen supply system 4, and a load system 5. 
[0057] In the fuel supply system 2, hydrogen emitted 
by the hydrogen loading alloy 21 through a hydrogen 
supply pass 20 is delivered to a hydrogen pass of the 
fuel cell stack 1 of fuel cells. In the hydrogen supply pass 
20, a hydrogen primary pressure sensor 22, a hydrogen 
regulator 23, a hydrogen supply electromagnetic valve 
24, and a hydrogen secondary pressure sensor 25 are 
provided from the hydrogen loading alloy 21 side to the 
fuel cell stack 1 side. The hydrogen primary pressure 
sensor 22 monitors a hydrogen pressure on the hydro- 
gen loading alloy 21 side. The hydrogen regulator 23 
adjusts the hydrogen pressure to a pressure appropriate 
for supplying the hydrogen to the fuel cell stack 1 . Hy- 
drogen supply to the fuel cell stack 1 is electrically con- 
trolled by opening and shutting of the hydrogen supply 
electromagnetic valve 24, and when hydrogen gas is not 
supplied, this electromagnetic valve 24 is closed so that 
hydrogen gas supply is stopped. The hydrogen second- 
ary pressure sensor 25 monitors the hydrogen gas pres- 
sure just before the hydrogen gas is supplied to the fuel 
cell stack 1 . 

[0058] A flow of the hydrogen within the fuel cell stack 
1 is as previously described. In the fuel supply system 
2, the hydrogen gas discharged from the hydrogen pass 
of the fuel cell stack 1 is emitted to the atmosphere via 
a hydrogen discharge pass 27. The hydrogen discharge 
pass 27 is provided with a check valve 28 and an elec- 
tromagnetic valve 29. The check valve 28 prevents air 
from entering the anode of the fuel cell stack 1 via the 
hydrogen discharge pass 27. The electromagnetic valve 
29 is intermittently driven to attempt complete combus- 
tion of the hydrogen. 

[0059] In the water supply system 4, water in a tank 
40 is sent by pressure with a pump 41 to a nozzle 45 
arranged in an air manihold 34, and the water is contin- 
uously or intermittently spouted out therefrom in the air 
manihold 34. This water, as previously described, is de- 
livered to the air pass S1 and the cooling space S2 via 
an upper opening of the fuel cell stack 1 . Here, latent 
heat is preferentially taken out of the moisture so as to 
prevent the moisture on the solid polymer electrolyte 
membrane 11 of the cathode 12 side from evaporating. 
Therefore, the solid polymer electrolyte membrane 11 
is not dehydrated at the cathode 1 2 side and is always 
maintained in a uniform moist state by generated water. 
Further, vapor supplied on the surface of the cathode 
1 2 also takes out heat from the cathode 1 2 itself to cool 
it, and then water entering the cooling space S2 also 
takes out heat. Thereby, temperature of the fuel cell 
stack 1 can be controlled. 

[0060] This means that even if a cooling water system 
is not added to the fuel cell stack 1 , the fuel cell stack 1 
can be fully cooled. Output of the pump 41 is controlled 
depending on temperature of exhaust air detected by 



the exhaust temperature sensor 37 to maintain temper- 
ature of the fuel cell stack 1 at a desired temperature. A 
filter 42 is provided at an intake side of the pump 41 , an 
electromagnetic valve 43 is provided between the noz- 

5 zle 45 and the pump 41 , and the electromagnetic valve 
43 controls injection quantity from the nozzle 45. The 
water in the tank 40 is supplied from the nozzle 45, which 
is arranged in the air manihold 34, to a surface of the 
fuel cell stack 1 , collected in a water condenser 46 ; and 

10 then returned to the tank 40 by the pump 44. A water 
temperature sensor 47 monitors water temperature of 
the tank 40 and a water level sensor 48 monitors a water 
level. 

[0061 ] The load system 5 takes out output of the fuel 
is cell stack 1 to the outside via an inverter 51 to drive a 
load of a motor 52 or the like. This load system 5 is pro- 
vided with a relay 53 for switching. In the load system 
5, a battery 54 is also connected between the relay 53 
and the inverter 51 . This battery 54 accumulates regen- 
20 erative current of the motor 52 and in a case of lacking 
in the fuel cell output, the output is supplemented. 
[0062] This system is characterized in that the air 
pass S1 and the cooling pass S2 in the fuel cell stack 1 
can be arranged in an integrated pass and the air and 
25 water can be simultaneously passed therethrough, so 
that a device for cooling needs not to be additionally pro- 
vided. 

[0063] In the above-described first embodiment, a 
pass on the anode 1 3 side is formed into a plane surface 

30 so that the lifted portions 151 of the current collector 15, 
which is connected to the anode 13, are intermittently 
arranged to have columnar shapes, but when this pass 
is made into a pass having groove-shape similar to the 
air pass S1 , the lifted portions 151 may be formed into 

35 a series of protrusions. In a second embodiment shown 
in FIG. 7 to FIG. 12, this structure is employed. FIG. 7 
is a front view viewing the fuel cell separator from a side 
on which the anode is stacked, FIG. 8 is a partial hori- 
zontal sectional view of the fuel cell stack using this sep- 

40 arator (A-A sectional view in FIG. 7), FIG. 9 is a partial 
vertical sectional view of the same fuel ceil stack (B-B 
sectional view in FIG. 7 and FIG. 8), FIG. 1 0 is a partial 
vertical sectional view of the other part of the fuel cell 
stack (C-C sectional view in FIG. 7 and FIG. 8), FIG. 11 

45 is a rear view viewing the fuel cell separator from a side 
on which the cathode is stacked, and FIG. 1 2 is a partial 
top view of the fuel cell stack. 

[0064] In this embodiment as shown in FIG. 8, the 
separator 10B comprises the current collectors 14, 15 

50 for taking out current to the outside by abutting on the 
electrode of the unit cell 10A and the frame members 
16,17 armored on a peripheral edge portion of each cur- 
rent collector 14, 15. The current collectors 14, 15 are 
made of a metal plate. A constituting metal is the same 

55 as in the previous first embodiment. The current collec- 
tor 1 5 abuts on the anode of the unit cell 1 0A, while the 
current collector 14 abuts on the cathode thereof. As 
shown in FIG. 7, the current collector 15, which is made 
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of a rectangular plate material, is structured with a plu- 
rality of lifted portions 151 by the presswork. The lifted 
portions 1 51 are arranged successively in linear-shapes 
along a short edge side of the plate material, and the 
lifted portions 151 are arranged at even intervals. 
Grooves are formed between the lifted portions 1 51 so 
that the hydrogen pass S3, through which hydrogen 
passes as a fuel, is formed. A surface of a top portion 
of the lifted portion 151 is an abutting portion 152 on 
which the anode abuts. Grooves 15a are formed on 
backside of the lifted portions 1 51 and, as shown in FIG. 
9, both ends of these grooves 1 5a do not reach end side 
portions of the plate material so that both ends thereof 
are occluded. Holes 1 53 are formed on both ends of the 
current collector 15 to compose hydrogen supply pass- 
es by these holes 153 when the separator 10B is 
stacked. 

[0065] As shown in FIG. 11, on the current collector 
14, which is made of rectangular plate material, a plu- 
rality of lifted portions 1 41 are formed by the presswork. 
These lifted portions 1 41 are formed successively in lin- 
ear-shapes with each thereof being parallel to a short 
edge side of the plate material, and the lifted portions 
141 are arranged at even intervals. Grooves are formed 
between the lifted portions 141 so that the air pass S1 
through which air passes, is formed. A surface of a top 
portion of the lifted portion 141 is an abutting portion 1 42 
on which the cathode abuts. On back side of the lifted 
portions 141 hollow portions are formed and the hollow 
portions form the cooling pass S2. The air pass S1 and 
the cooling pass S2 reach end portions of the plate ma- 
terial and both ends comprise opening portions that 
open at the end side portions of the plate material. Holes 
1 44 are formed on both ends of the current collector 1 4 
to compose hydrogen supply passes by these holes 1 44 
when the separator 1 0B is stacked. 
[0066] The above-described current collectors 14,15 
are stacked to be fixed as the respective lifted portions 
141, 151 face outside. Here, a back surface 15b of the 
hydrogen pass S3 abut on a back surface 1 4a of the air 
pass S1 , to thereby enable power distribution with each 
other. In addition, stacking the current collectors 14, 15 
results in forming the cooling pass S2 as shown in FIG. 
9, wherein the groove 1 5a constitutes a part of the cool- 
ing pass S2. The air pass S1 is stacked on the unit cell 
10A as shown in FIG. 8 and FIG. 10, and a tubular pass 
is structured by closing an opening portion 14b of the 
groove, wherein a part of the internal wall thereof is com- 
posed of the cathode. Oxygen and water are supplied 
from this air pass S1 to the cathode of the unit cell 10A. 
[0067] The opening portion on one end of the air pass 
S1 comprises an introducing port P1 to which air and 
water flow in, while the opening portion on the other end 
comprises a lead-out port P2 from which air and water 
flow out. The opening portion on one end of the cooling 
pass S2 comprises a flow-in open port P3 to which air 
and water flow in, while the opening portion on the other 
end comprises an outlet open port P4 from which air and 



water flow out. In the above-described structure, the air 
pass S1 and the cooling pass S2 are alternately ar- 
ranged to be parallel to each other, wherein each thereof 
is structured to be adjacent to each other with a side wall 

5 1 4c sandwiched therebetween. Therefore, the introduc- 
ing port P1 and the flow-in open port P3 are also alter- 
nately arranged and the lead-out port P2 and the outlet 
open port P4 are also alternately arranged. Further, air 
and water flow along the sidewall 14c, so that the side- 
to wall 14c exercises an operation as a cooling fin. Since 
the air pass S1 and the cooling pass S2 are alternately 
arranged to be parallel to each other, cooling efficiency 
of the fuel cell improves, which enables uniform cooling. 
[0068] The frame members 16,17 are stacked on the 

15 current collectors 14, 15, respectively. As shown in FIG. 
7, the frame member 17 that is stacked on the current 
collector 15 is structured to be the same size as that of 
the current collector 15 and a window 171 is formed in 
the center thereof to accommodate the lifted portions 

20 151 . Further, holes 173 are formed in a vicinity of both 
ends of the frame member 1 7 in a position correspond- 
ing to the holes 153 of the current collector 15 and be- 
tween these holes 173 and the window 171 , recessed 
portions are formed on a plane surface of the side abut- 

25 ting on the current collector 1 5 so as to provide a hydro- 
gen pass L3. On a plane surface opposite the surface 
abutting on the current collector 15, recessed portions 
of which outline is formed along the window 171 is 
formed so as to provide a housing portion R2 where the 

30 unit cell 10A is housed. 

[0069] As shown in FIG. 7, FIG. 9, and FIG. 10, there 
is a gap between end portions of the lifted portions 151 
. and an internal wall on the end sides of the window 1 71 
of the frame member 17 and with this gap, a hydrogen 

35 pass S3' is structured along a long edge side direction 
of the current collector 1 5. This hydrogen pass S3' sup- 
plies hydrogen to each hydrogen pass S3. In addition, 
the hydrogen pass S3' also supplies hydrogen to the an- 
ode. 

40 [0070] The frame member 16 that is stacked on the 
current collector 14 is structured to have the same size 
as that of the frame member 17, and a window 164 is 
formed in the center thereof to accommodate the lifted 
portions 141 . Further, holes 1 65 are formed in a vicinity 

45 of both ends of the frame member 1 6 in a position cor- 
responding to the holes 173 of the frame member 17. 
On a surface of the frame member 1 6 on which the cur- 
rent collector 14 is stacked, grooves are formed along 
a pair of long edge sides, each of which faces to each 

50 other, of the frame member 1 6, and stacking the current 
collectors 14, 15 thereon results in forming air passes 
L4, L5. One end of the air pass L4 is connected to an 
opening P5 formed on an end surface of a long edge 
side of the frame member 1 6, while the other end thereof 

55 is connected to the introducing port P1 of the air pass 
S1 and the flow-in open port P3 of the cooling pass S2. 
[0071 ] An upstream portion of the air pass L4 has its 
internal wall of the end portions being a tapered surface 
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1 6a as a cross-sectional area decreases from the open- 
ing P5 side to the air pass S1 side, which facilitates ab- 
sorbing nebulized water emitted from the previously 
mentioned air manihold 34. On the other hand, one end 
of the air pass L5 on a downstream side is connected 
to the lead-out port P2 of the air pass S1 and the outlet 
open port P4 of the cooling pass S2, while the other end 
thereof is connected to the opening P6 formed on an 
end surface of a long edge side of the frame member 
1 6. The air pass L5 has its internal wall of the end por- 
tions being a tapered surface 1 6b as a cross -sectional 
area decreases from the opening P6 side to the air pass 
S1 side. Even when the fuel cell stack 1 is tilted, this 
tapered surface 16b maintains to discharge water. On 
a plane surface of the frame member 16, which is op- 
posite to the surface abutting on the current collector 1 4, 
a recessed portion of which outline is formed along the 
window 1 64 is formed so as to provide a housing portion 
R1 to house the unit cell 10A. 

[0072] A structure of the unit cell 10A in this embodi- 
ment is the same as that of explained in the previous 
first embodiment with reference to FIG. 2. A method for 
a hydrophilic process applied on each portion of the 
pass and the processing region thereof are also the 
same as the first embodiment. 

[0073] The thus- structured frame members 16, 17 
hold the current collectors 14, 15 to constitute the sep- 
arator 1 0B, and the separator 1 0B and the unit eel 11 OA 
are alternately layered to constitute the fuel cell stack 1 . 
FIG. 12 is a partial plane view of the fuel cell stack 1. 
On an upper surface of the fuel cell stack 1 , a large 
number of introducing ports P1 and flow-in open ports 
P3 are alternately open, and as previously noted, air 
flows in from the air manihold 34 and water emitted from 
the nozzle 45 simultaneously flows in to the introducing 
ports P1 and the flow-in open ports P3. The sidewall 1 4c 
is arranged in the air pass and also operates as a cooling 
fin. 

[0074] When the separator is structured to be thin and 
a space (S2) is provided inside the lifted portions 141, 
a temperature gap between a portion abutting on the 
heat-generating unit cell 10A and a portion apart from 
the unit cell 10A broadens. Therefore, a vapor amount 
required to have a saturated state becomes partially dif- 
ferent within the air pass. For example : a portion of the 
high-temperature electrode side requires more vapor 
amount to have the saturated state than a portion apart 
from the electrode. Such a temperature difference may 
cause drying of the cathode, but the cooling pass S2 
allows to uniformly cool the whole separator, to thereby 
prevent generation of a partial temperature gap and to 
maintain a uniform saturated state within the air pass 
S 1 , which results in keeping the cathode in a moist state. 
[0075] The air and the water flowing in from the intro- 
ducing port P1 and the flow-in open port P3 provide the 
cathode with oxygen within the air pass S1 to cool the 
current collectors 14,15 with the latent heat cooling. The 
air and the water flowing in from the flow-in open port 



P3 similarly cool the current collectors 14, 15 with the 
latent heat cooling. Here, an internal wall 14d is the clos- 
est to the electrode in the cooling pass S2 to generate 
heat, but this part can be efficiently cooled by flowing 

5 the air and the water into the cooling pass S2. Since the 
groove 1 5a constitutes a part of the cooling pass S2, the 
abutting surface 152, on which the hydrogen electrode 
abuts, can also be directly cooled from a back side and 
from a hydrogen electrode side as well, so that cooling 

10 efficiency may be more enhanced. 

[0076] The above-described lifted portions 141, 151 
of the current collectors 14,15 are both provided at even 
intervals, so that the air pass S1 , the cooling pass S2, 
and the hydrogen pass S3 are also all equally arranged 

is at even intervals, but the lifted portions 141,151 are not 
limited to such a structure and the arrangement intervals 
thereof may be changed accordingly depending on dis- 
tribution or the like of the air flow. The arrangement di- 
rections of the air pass S1 and the hydrogen pass S3 

20 are not necessarily parallel to each other and they may 
be changed in any direction such as in a radiation direc- 
tion along a direction of gas flow. For example, when 
supplying water from the injection nozzle, since the wa- 
ter is injected in a radiation direction by having the in- 

25 jection inlet of the injection nozzle as a center, the lifted 
portions 141 may be arranged along a radiation direc- 
tion when an end of the nozzle is a center of the radia- 
tion. Such a structure may be available that the intervals 
between the lifted portions 141 are small in a position 

so close to the injection nozzle (width of the air pass is 
small), and intervals thereof at a position apart from the 
injection nozzle are big (width of the air pass is wid- 
ened). 

[0077] The above-described second embodiment is 

35 characterized in that the air pass S1 and the cooling 
pass S2 can be arranged in the same pass as that of 
the air, and the air and the water can be simultaneously 
passed therethrough, so that a device for cooling needs 
not to be additionally provided. 

40 [0078] As a modification example of the second em- 
bodiment, a pass on the anode side may further adopt 
other structures. A modification example shown in FIG. 
1 3 is that the lifted portions 151 of the current collector 
1 5 that is connect to the anode are linearly formed along 

45 a long edge of the current collector 15. Adopting this 
structure may present such an advantage that the hy- 
drogen pass S3 is arranged along the direction of a hy- 
drogen gas flow so that the hydrogen gas flow is less 
stagnant and retained. 

so [0079] Although each above-described embodiment 
is composed of a separator that is mainly formed by 
pressing, this invention can be also applied to a case 
when the separator is formed with shaving processed 
goods such as carbon black. A third embodiment de- 

55 scribed below employs this structure. As shown in FIG. 
1 4, in this third embodiment, a unit of the fuel cell is com- 
posed of: a unit cell comprising a solid polymer electro- 
lyte membrane 11 , and a cathode 12 that is an oxidant 
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electrode and an anode 13, which are stacked on both 
sides of the solid polymer electrolyte membrane 11 re- 
spectively; a separator 14A stacked on the cathode 12 
of the unit cell; and a separator 15A stacked on the an- 
ode 13. Specifically, the solid polymer electrolyte mem- 
brane 11 is interposed between the cathode 12 and the 
anode 13 to compose the unit cell and the separators 
14A, 15A sandwich its unit therebetween. 
[0080] The separators 14A, 15A have electric con- 
ductivity and are made of material having corrosion re- 
sistance, such as graphite, which is a metal having elec- 
tric conductivity and corrosion resistance. As a metal 
having electric conductivity and corrosion resistance, 
listed are, for example, stainless steel, a nickel alloy, a 
titanium alloy, or the like with a corrosion -resistant elec- 
tric conductivity process applied. 
[0081] On the separator 1 4A, a plurality of oxidant gas 
supplying grooves are formed on a surface abutting on 
the cathode 1 2 (one end surface) in parallel to each oth- 
er at substantially even intervals, and an air supply pass 
S1 is formed with the cathode 12 stacked thereon. The 
air supply pass S1 is formed from one long edge of the 
separator 14A to the other long edge thereof, and both 
thereof open at each long edge portion. A wall partition 
is formed between the air supply passes S1 by the lifted 
portions 141 , and the top portions 142 thereof abut on 
the cathode 12. 

[0082] The separator 1 4A comprises a plate-shaped 
body portion 140 provided with the air supply pass S1 
and the wall partition 141 , and in the body portion 140, 
a cooling pass S2 formed along the air supply pass S1 
as the oxidant gas-supplying groove is provided. As a 
cooling medium to cool the fuel cell, water passes 
through the cooling passes S2. The cooling passes S2 
are respectively formed along a plurality of the air supply 
passes S1 that are formed on the separator 14A, and 
as shown in FIG. 16, one end of the cooling pass S2 is 
connected to a supply pass L6 and the other end is con- 
nected to a discharge pass L7, respectively. The supply 
pass L6 is connected to a supply line 40a in a later-de- 
scribed water supply system 4, which is provided out- 
side of the fuel cell stack 1 , the discharge pass L7 is 
connected to an exchange line 40b, water not supplied 
to the air supply pass S1 is returned to a water tank 40 
so that cooling water circulates between the fuel cell 
stack 1 and the water tank 40. As such, the cooling water 
passes through from one end of an edge portion of the 
separator 14A to the other end thereof. 
[0083] Thro ugh- holes 1 43 communicate between the 
air supply pass S1 and the cooling pass S2 as a pass 
of a supply means for supplying water to the air supply 
pass S1 . The through-holes 143 are plurally provided at 
even intervals and the cooling water flowing in the cool- 
ing pass S2 flows in the air supply pass S1 via the 
through-holes 143. The water supplied from the 
through-holes 143 to the air supply pass S1 exercises 
a cooling effect by latent heat generated on its evapo- 
ration to prevent drying of the cathode 1 2, which enables 



to keep a moist state all the time. 
[0084] Here, the cooling water flowing in the cooling 
pass S2 needs not to be fully filled in the cooling pass 
S2 and the flow amount may be such that the water rolls 

5 on an internal wall of the cooling pass S2. Thereby, for 
example, when the water rolls on a side surface 1 4e on 
which the through-holes 143 are formed, the water flows 
out from the through-holes 143 to the air supply pass 
S1 , while when the water rolls on a different side sur- 

10 face, the water may not flow out to the air supply pass 
S1 . However, when the water rolls on the internal wall 
of the cooling pass S2, the separator 14A is cooled to 
obtain an enough cooling effect. 
[0085] On the separator 15A on the anode 13 side, a 

15 gas supply pass S3 through which fuel gas passes is 
formed. The gas supply pass S3 is formed in a direction 
orthogonal to the air supply pass S1 with the unit being 
structured. It is also possible to provide the same pass 
on the separator 15A as the cooling pass S2, which is 

20 provided on the separator 14A and through which the 
cooling medium passes. 

[0086] In this embodiment, the air supply pass S1 is 
structured to be positioned along an up-and-down direc- 
tion with the fuel cell unit being set to be used. Such a 
25 structure allows dropping the cooling water supplied to 
the air supply pass S1 down below to easily discharge 
it from the air supply pass S1 . 

[0087] As shown in FIG. 17, the thus-structured fuel 
cell unit is plurally layered, specifically serially connect- 

30 ed, to constitute the fuel cell stack 1 . In a structure of 
the above separator 14A, it is applicable to have such 
a structure that the cooling water flows in an opposite 
direction to a direction of the airflow. 
[0088] As a structure of the above-described fuel cell 

35 separator 1 4A, other structures exemplified below may 
also be applied. As a first modification embodiment, 
such a structure may be employed that the discharge 
pass L7 is not provided and the cooling water supplied 
in the cooling pass S2 is all flowed out to the air supply 

40 pass S1 via the through-holes 143. In this case, for ex- 
ample, as shown in FIG. 1 9, supply passes L6a, L6b are 
respectively provided along end edges of the separator 
1 4A (top edge side and bottom edge side) facing parallel 
to each other, and cooling passes S2a, S2b are alter- 

45 nately connected to the supply pass L6a, L6b, respec- 
tively. In this structure, the cooling water flows from top 
to bottom in the cooling pass S2a and the cooling water 
flows from bottom to top in the cooling pass S2b. That 
is, the cooling water passes through in opposite direc- 

50 tions, respectively. Since the cooling water flows in the 
pass while exchanging heat, a temperature of the cool- 
ing water increases toward a downstream side so that 
a cooling effect decreases. However, as in this embod- 
iment, directions in which the cooling water flows are 

55 alternately reversed, to thereby uniformly cool the sep- 
arator 14A. 

[0089] As a second modification embodiment, such a 
structure may be employed that the discharge pass L7 
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is not provided and a bottom end of all the cooling pass 
S2 is a portion to discharge the cooling water outside 
from a bottom end edge of the separator 1 4A. This case 
can adopt such a structure that discharged water is col- 
lected in a catchment tray provided on a bottom side of 
the fuel cell stack 1 and then returned to a later-men- 
tioned tank 40. 

[0090] As a third modification embodiment, as shown 
in FIG. 20, the cooling pass S2c may be formed in a 
direction crossing the air supply pass S1 . 
[0091] As a fourth modification embodiment, as 
shown in FIG. 21 , the cooling pass S2 can be formed in 
the wall partition 141. Since the wall partition 141 abuts 
on the cathode 12, when the cooling pass S2 is formed 
in the wall partition 141 , a position of a cooling medium 
comes close to the cathode 12, which enhances the 
cooling effect. Additionally, in this case, the through- 
holes 143 communicating with the air supply pass S1 
are formed on the sidewall surface 14c of the air supply 
pass S1. By providing the through-holes 143 on the 
sidewall surface 14c, the cooling water supplied to the 
air supply pass S1 can easily abut on the cathode 12, 
which makes it possible to surety exercise an effect of 
keeping the electrode in a moist state. 
[0092] As a fifth modification embodiment, as shown 
in FIG. 22, the cooling pass S2 may be formed in the 
wall partition 141 and the through-holes 143 may be 
structured on a top end portion (abutting surface) 142 
of the wall partition 141 in contact with the cathode 12. 
In this structure, the cooling water is directly supplied to 
the cathode 12 via the through-holes 143 so as to pre- 
vent drying of the cathode 12. 

[0093] As a sixth modification embodiment, as shown 
in FIG. 23, such a structure may be employed that the 
separator 14A comprises an air supply pass composing 
member 1 4Aa formed to have a wavy plane cross sec- 
tion and a plane-shaped rear portion 14Ab stacked on 
the back side thereof. A plane-shaped cooling pass S2 
is structured in a space between the rear portion 14Ab 
and the air supply pass composing member 14Aa to 
form a groove-shaped pass S2' in the wall partition 141 . 
Such a structure increases an area to fill the cooling wa- 
ter so that the cooling effect improves. The through- 
holes 143 can also be formed on both of a bottom sur- 
face 1 4f in the air supply pass S1 and a sidewall surface 
14c in the air supply pass S1 . 

[0094] Next, a structure of a fuel cell system using the 
above-structured fuel cell stack 1 will be described. As 
shown in FIG. 24, this fuel cell system is generally com- 
posed of the fuel cell stack 1, a fuel supply system 2 
including a hydrogen loading alloy 21 , an air supply sys- 
tem 3 , a hydrogen supply system 4, and a load system 5. 
[0095] In the fuel supply system 2, hydrogen emitted 
by the hydrogen loading alloy 21 through a hydrogen 
supply pass 20 is delivered to a hydrogen gas pass S3 
of each unit of the fuel cell stack 1 . In the hydrogen sup- 
ply pass 20, a hydrogen regulator 23 is arranged to reg- 
ulate the pressure of the hydrogen gas emitted from the 



hydrogen loading alloy 21 . A reference numeral 24 des- 
ignates a hydrogen supply electromagnetic valve, which 
controls opening and shutting of the hydrogen supply 
pass 20. A hydrogen gas pressure just before supplied 
s to the fuel cell stack 1 is monitored by a hydrogen pres- 
sure sensor 25. 

[0096] In the fuel supply system 2, the hydrogen gas 
discharged from the fuel cell stack 1 is emitted to the 
atmosphere via a hydrogen discharge pass 27. The hy- 

10 drogen discharge pass 27 is provided with a check valve 
28 and an electromagnetic valve 29. The check valve 
28 prevents air from entering the anode of the fuel cell 
stack 1 via the hydrogen discharge pass 27. The elec- 
tromagnetic valve 29 is intermittently driven to attempt 

15 complete combustion of the hydrogen. 

[0097] The air supply system 3 supplies air from the 
atmosphere to the air pass S1 of the fuel cell stack 1 
and discharges air exhausted from the fuel cell stack 1 
through the water condenser 46. A fan 31 is provided in 

20 the air supply pass 30 to deliver air from the atmosphere 
to the air manihold 34. The airflows into the air supply 
pass S1 of the fuel cell stack 1 from the manihold 34 to 
supply oxygen to the cathode 12. The moisture of the 
air discharged from the fuel cell stack 1 is condensed 

25 and collected in the water condenser 46, and the air is 
emitted to the atmosphere. A temperature discharged 
from the fuel cell stack 1 is monitored by the exhaust 
temperature sensor 37. 

[0098] The cooling water delivered from the cooling 
so pass S2 of the cooling water to the air supply pass S1 
reaches the water condenser 46 with a most part thereof 
keeping a liquid state, and then delivered to the tank 40 
to be collected. A part of the water supplied is evaporat- 
ed, and then condensed and collected in the water con- 
35 denser 46. It is considered that vapor included in ex- 
haust air may include what arises from reaction water 
caused by a power generation reaction of the fuel cell 
stack 1 . 

[0099] The water supply system 4 send by pressure 

40 the water in the tank 40 with the pump 41 to the cooling 
water supply pass L6 of each fuel cell unit via the pipe 
40a, and apart of the cooling water supplied is collected 
from the discharge pass L7 of each fuel cell unit to the 
tank 40 via the pipe 40b. In each fuel cell unit, the water 

45 supplied from the through-holes 143 to the air supply 
pass S1 is collected in the water condenser 46 and then 
returned to the tank 40. It is of course impossible to com- 
pletely close the water supply system 4, so that a water 
level of the tank 40 is monitored by the water level sen- 

50 sor 48 and when the water level exceeds a predeter- 
mined threshold value, water is resupplied from outside. 
In order to prevent the water in the tank 40 from freezing 
in winter season, a heater 49 and a freeze preventing 
electromagnetic valve 40c are installed in the tank 40. 

55 An electromagnetic valve 40d is installed in a pipe con- 
necting between the water condenser 46 and the tank 
40, so as to prevent the water in the tank 40 from evap- 
orating. Output of the pump 41 is controlled depending 
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on temperature of exhaust air detected by the exhaust 
temperature sensor 37 to adjust the amount of the cool- 
ing water circulating so as to maintain temperature of 
the fuel cell stack 1 at a desired temperature. 
[0100] The load system 5 takes out output of the fuel 
cell stack 1 to the outside to drive a load of a motor 52 
or the like. This load system 5 is provided with a relay 
53 for switching and a secondary battery 54 as a sub- 
sidiary output source, and a diode 55 for rectification in- 
tervenes between the secondary battery 54 and the re- 
lay 53. Note that the output of the fuel cell stack 1 itself 
is always monitored by a voltage sensor 56. Based on 
this monitor result, a not-shown control circuit controls 
closing and opening of the hydrogen discharge electro- 
magnetic valve 29. 

[0101] According to a structure described in claim 1 
of the present invention, since an air pass and a cooling 
space are separately provided on a front and back side 
of a separator, it can be avoided to provide a special 
separator or a cooling plate in the separator, which pre- 
vents to have a thick separator. In addition, the separa- 
tor is directly cooled by latent heat at a cooling space 
side, which can cool more efficiently than cooling with 
the cooling plate and enables uniform cooling. In a con- 
ventional system where air and cooling water are simul- 
taneously supplied, it is concerned that droplets of the 
cooling water adhere to the cathode surface, which 
causes water to clog up in the air pass. Therefore, a 
cross section area of the air pass is broadened, espe- 
cially height of a groove constituting the air pass is made 
high, which is an obstacle to make a small and weight- 
saving fuel cell. However, in the present invention, water 
is supplied in the air pass in a vapor state, so that air 
supplied to an electrode is not disturbed by the droplets 
even if the cross section area of the air pass is small. 
Thereby, such a structure enables to make a thin sepa- 
rator, which further achieves a small and weight-saving 
fuel cell stack. 

[0102] Further, according to a structure described in 
claim 2, arranging the air pass and the cooling space 
adjacent to each other allows to make a cooling effect 
uniform. Since the air pass and the cooling space are 
not stacked in a layered direction in the separator, the 
separator is made thin, which achieves a small and 
weight-saving fuel cell stack layered with the electric 
cell. 

[0103] According to a structure described in claim 3, 
the separator is made of a pressed metalplate, which 
facilitates manufacturing and also lowers a material 
cost. It can make the separator thinner. Further, making 
the separator thin allows to decrease heat capacity so 
that an effect of the latent heat cooling is more directly 
applied on the unit cell and cooling can be performed 
efficiently. Further for the same reasons, it is also pos- 
sible to shorten time for warming and save energy for 
warming. 

[0104] Next, according to a structure described in 
claim 4, a hydrophilic process is applied on a wall sur- 



face surrounding the cooling space, so that a high tem- 
perature portion on the wall surface in the cooling space 
can be easily wetted, which further enhances a cooling 
effect of latent heat cooling. In addition, water is not eas- 

5 ily clogged up in the pass so as not to disturb air supply. 
[0105] According to a structure described in claim 5, 
air supplied in the cooling space and being in a vapor 
saturated state by the latent heat cooling is supplied to 
the air pass via the through-hole, which inhibits remov- 

10 ing liquid water from the cathode in the air pass so as 
to fully maintain wetting of the electrode. 
[0106] According to a structure described in claim 6, 
since a smaller amount of the liquid water is supplied to 
the air pass than to the cooling space, even if a large 

is amount of the liquid water is supplied to the fuel cell for 
cooling, air supply is rarely disturbed by the liquid water 
covering the cathode. 

[0107] According to a structure described in claim 7, 
a cooling system can be simplified with a method of mix- 
20 ing water for cooling in the air supplied to the fuel cell, 
which achieves a small and weight-saving fuel cell sys- 
tem as a whole. 

[0108] According to a structure described in claim 8, 
even with a metal separator with a low heat conductivity, 
25 such a structure that the air and the water are supplied 
to both of the air pass and the cooling space enables to 
obtain a full cooling effect. 

[0109] According to a structure described in claim 9, 
the separator is made of a pressed metal plate, which 

30 facilitates manufacturing and also lowers a material 
cost. It can make the separator thinner. Further, making 
the separator thin allows to decrease heat capacity so 
that an effect of the latent heat cooling is more directly 
applied on the unit cell and cooling can be performed 

35 efficiently. 

[01 10] According to a structure described in claim 10, 
even with a metal separator with a low heat conductivity, 
such a structure that the air and the water are supplied 
to both of the air pass and the cooling space enables to 

40 obtain a full cooling effect. 

[0111] According to a structure described in claim 1 1 , 
since the latent heat cooling is performed on both the 
cooling space and the air pass, heat generated on the 
unit cell can be fully cooled and the liquid water is not 

45 removed from the cathode. 

[0112] According to a structure described in claim 1 2 , 
air and water, which are supplied to the air pass and the 
cooling space, are simultaneously supplied, so that the 
cooling system can be simplified and a small and 

so weight-saving fuel cell system can be achieved. 

[0113] According to a structure described in claim 13, 
even with a metal separator with a low heat conductivity, 
such a structure that the air and the water are supplied 
to both of the air pass and the cooling space enables to 

55 obtain a full cooling effect. 

[0114] According to a structure described in claim 1 4, 
the separator is made of a pressed metal plate, which 
facilitates manufacturing and also lowers a material 
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cost. It can make the separator thinner. Further, making 
the separator thin allows to decrease heat capacity so 
that an effect of the latent heat cooling is more directly 
applied on the unit cell and cooling can be performed 
efficiently. 

[0115] According to a structure described in claim 15, 
even with a metal separator with a low heat conductivity, 
such a structure that the air and the water are supplied 
to both of the air pass and the cooling space enables to 
obtain a full cooling effect. 



Claims 

1 . A fuel cell comprising: a plurality of unit cells each 
including an anode and a cathode; and a plurality 
of separators each arranged between said unit 
cells, 

wherein said separator comprises an air pass 
on a front face side thereof at least being in contact 
with said cathode of the unit cell and a cooling space 
supplied with air and water on a back face side 
thereof, said air pass and said cooling space com- 
municating through a through-hole passing through 
said separator so as to cool the unit cells by latent 
heat of water evaporated in said cooling space and 
to supply said air pass with vapor through said 
through-hole. 

2. A fuel cell according to claim 1 , wherein said cooling 
space is included within said separator and ar- 
ranged adjacent to said air pass. 



nected to a manifold supplying air and water, while 
an outlet side thereof serves as an open pass. 

8. A fuel cell comprising: a plurality of unit cells each 
5 including an anode and a cathode; and a plurality 

of separators each arranged between said unit 
cells, 

wherein said separator comprises an air pass 
on a front face side thereof at least being in contact 

10 with a cathode of the unit cell and a cooling space 
on a back face side thereof, and air and water are 
supplied to said air pass and said cooling space to 
cool the unit cell in said cooling space and said air 
pass by latent heat generated when the supplied 

is water evaporates. 

9. A fuel cell according to claim 7 or 8, wherein said 
air pass and said cooling space on inlet sides there- 
of are connected to the same manifold and are sup- 

20 plied with air and water from the manifold. 

10. A fuel cell according to any one of claims 1 to 9, said 
separator is made of metal. 

25 11. a fuel cell according to any one of claims 1 to 10, 
wherein said separator is structured by having a 
plurality of plate materials abut on each other on at 
least a part thereof, while said cooling space is 
structured by an opening caused between the abut- 

30 ting portions. 

12. A fuel cell according to claim 1 0 or 1 1 , said separa- 
tor is made of stainless steel. 



3. A fuel cell according to claim 1 or 2, wherein said 
separator is made of a pressed plate material, a 35 
space between lifted portions protruded from a 
plate surface serves as said air pass, and a space 

on a back side of the lifted portions serves as said 
cooling space. 

40 

4. A fuel cell according to claim 1 , 2, or 3, wherein a 
wall surface surrounding said cooling space of said 
separator is applied with a hydrophilic process at 
least on a portion thereof. 

45 

5. A fuel cell according to claim 1 , 2, 3, or 4, wherein 
said air pass has a pass, one end of which is closed, 
and is communicated with said cooling space by the 
through-holes along the way from the closing end 

to an open end thereof. 50 

6. A fuel cell according to claim 1,2,3, 4, or 5, wherein 
said separator has a structure in which a smaller 
amount of liquid water is supplied to said air pass 
than to said cooling space. 55 

7. A fuel cell according to any one of claims 1 to 6, 
wherein said cooling space on an inlet side is con- 
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